Background: Diabetic ketoacidosis (DKA) is one of the lifethreatening acute complications of diabetes mellitus that mainly occurs in type 1 diabetes mellitus (T1DM). This study aimed to determine the socioeconomic factors associated with DKA in patients with T1DM in Basrah. Methods: A crosssectional study including patients with T1DM who were admitted due to DKA or any other complaint in any of the teaching hospitals in Basrah, from February to October 2017. Data collection from each patient or their parents using a questionnaire was designed to capture personal, social, and disease-related factors. Results: One hundred forty-seven patients were involved in this study. They were compared with different factors to assess correlations with the risk of DKA. Younger age, underweight, being without a job, low personal and/or mother educational level, travel, home glucose monitoring less than 7 times a week, uncontrolled HbA 1c and insulin stoppage as a cause of DKA regardless of the reasons to stop were associated with an increased risk of DKA. On the other hand, own home, availability of a glucometer for checking glucose, basal-bolus insulin regimen, insulin supply, and education at a tertiary center, correct injection technique whoever injected the insulin and dietary adherence, all were associated with a decreased risk of DKA. Other factors like gender, marital status, smoking status, father educational level, residency, income, personal home area, the frequency of HbA 1c checking, and family history of diabetes were not associated with a significant effect on the DKA risk. Conclusions: Multiple socioeconomic factors interact to play a vital role in the development of DKA among patients with T1DM in Basrah.
creased to relatively low figures, but there is still the potential of case fatality from DKA either from acidosis or as a complication of the therapy [3] .
Inequalities in the prevalence of diabetes and its complications by socioeconomic status (SES) have been described in many settings [4, 5] , and this has its effect on subsequent mortality [4] . Various studies have addressed the relation between lower SES and mortality or the development of chronic conditions such as DM, cardiovascular disease, and cancer [6] . Potential explanations include differences in the prevalence of risk factors and access to and use of medical services [5] . Socioeconomic differences in longer-term outcomes appear to be more marked than in processes of care as reflected by disease management measures in several health care systems [5] .
There is some compelling evidence for an association between low SES, adverse health outcomes and DM-related knowledge for persons with diabetes and other chronic conditions [6] . Since self-care is essential for the achievement of successful outcomes in T1DM, access to proper health care that facilitates the patient adoption of the most effective treatment regimens is also crucial [4, 6] .
The persistence of a socioeconomic health gradient in the general population is well documented, and there is considerable evidence that the least well off in society have a reduced life expectancy and increased morbidity compared with the affluent [4] .
While effective therapies are available for managing diabetes and preventing or treating its complications, these are underutilized, particularly among persons of low SES [6] .
The practice of self-monitoring of blood glucose (SMBG), as a voluntary behavior among patients with T1DM, is not satisfactorily implemented. There is a significant gap between recommended SMBG utilization and real-world practice [7] . The intensive therapy to control glucose levels in adolescents effectively delays the onset and slows the progression of diabetic complications [8] . Unfortunately, intensive treatment doubles a person's risk of becoming overweight [9] .
Research shows that recurrent DKA rates are dependent on medical services and socioeconomic circumstances especially in adolescents [10] . The effects of low SES on patients with known T1DM include insulin omission, poor metabolic control, previous episodes of DKA, gastroenteritis with persistent vomiting and inability to maintain hydration, psychiatric (including eating) disorders, challenging social and family circumstances, and limited access to medical services [11] .
Poor adherence to insulin therapy is the leading cause of recurrent DKA in T1DM patients. Several behavioral, socioeconomic, psychosocial, and educational factors lead to poor compliance. The recognition of these factors and the institution of culturally appropriate interventions and education programs might reduce DKA recurrence in minority populations [12] .
The Aim of the Study
To determine the socioeconomic factors that may precipitate DKA in patients with T1DM in Basrah.
Patients and Methods
This was a cross-sectional study involving patients with T1DM who were admitted to Basrah Teaching Hospitals, between February and October 2017.
Patients included in the study were T1DM patients who were admitted with any complaint including DKA. T1DM was defined as an onset of diabetes before the age of 35 years and permanent insulin treatment initiated within 1 year of diagnosis [13] . DKA was defined as a tetrad of blood glucose > 200 mg/dL (11 mmol/L), ketonemia and ketonuria, venous pH < 7.3 and/or bicarbonate < 15 mmol/L [14] . Patients and/or their relatives were asked about the number of previous DKA episodes (depending on hospital records or records available with patients) and were subjected to specific questionnaires designed to capture personal, social, and diseaserelated factors. A written informed consent had been taken from patients or their relative if they were under 18 years old. Basrah University gave ethical approval for the study.
Patients excluded were patients with newly diagnosed T1DM, persistent altered mental status, and those not interested in research.
Patients' weight was measured with bare feet and light clothes, and the body mass index (BMI) was then calculated as body weight in kg/(height in meters) 2 . The patients were classified according to WHO criteria (< 18.5 underweight, 18.5-24.9 normal, ≥25 overweight) [15] .
Ion exchange high-performance liquid chromatography using a Biorad D10 measured the glycated hemoglobin (HbA 1c ).
Every patient was assessed for personal and social factors: age, gender, BMI, marital status, job, personal and parental educational level (whether they had completed 6 stages of study or not, which means completing primary school or not, which is the lowest grade of graduation in our country), residency (urban and rural), smoking status, history of travel preceding the DKA, 1st-degree relative with diabetes, the family income, home (own, rent, or slum), occupancy and home personal area (area/person in squared meters). Other factors like from where the patient received his insulin and education about his disease, dietary adherence, who injected the insulin and whether it was done with the correct technique (by asking them to inject one of the insulin doses and observing), and whether the patient had stopped his insulin and the reason behind that (feeling sick, lack of supply, and no specific reason).
Disease-related factors in the form of T1DM duration, insulin regimen (basal bolus, premixed, or bolus only), the cause of the DOI: 10.1159/000499839 previous DKA (missed insulin dose, illness-like infection, or no specific reason), comorbid diseases, last HbA 1c within 3 months, glucometer availability, and frequencies of home glucose and HbA 1c checking.
Data collected from the questionnaires were analyzed using the Statistical Package for Social Sciences (SPSS) software version 22.0. Data are presented as a mean ± standard deviation in the case of quantitative variables and as absolute numbers (percentage) in the case of qualitative variables with statistical analysis carried out. An independent Student t test was used to study the correlation between DKA frequency per year and the study factors. DKA frequency per year was divided into two categories using a cut-off of 1 DKA per year, and the odds for having 1 or more DKA episodes per year (≥1 DKA/year) were measured using univariate analysis. The p value of less than 0.05 was considered significant. 
Results
A total of 147 patients with T1DM consisted of 75 (51%) males and 72 (49%) females. The mean age was 20.9 ± 6.3 years with the oldest age of 35 years, and the youngest age was 14 years. The mean HbA 1c was 9.6 ± 2.05%, with the majority of the patients (126, 85.7%) having HbA 1c ≥7.5 mmol/L and only 21 (14.3%) with HbA 1c < 7.5 mmol/L.
The mean for the frequency of DKA episodes per year was 0.9 ± 0.6 episodes/year with a maximum of 3 episodes/year and a minimum of 0.18 episodes/year. Seventy-two (49%) patients had ≥1 DKA/year. Ninety-three (63.3%) patients were living in an urban area. One hundred and five (71.4%) patients lived in their own home.
The remaining general characteristics of the study including personal, socioeconomic, and disease-related factors are summarized in Table 1 .
When we assessed the correlation between the frequency of DKA with the disease-related factors as shown in Table 2 and correlations of these factors with the risk of ≥1 DKA/year as shown in Figure 1 , patients on a basal-bolus insulin regimen had a significantly lower frequency of DKA and were followed by premixed insulin, with a significant highest frequency in those on bolus only; basal bolus appeared protective against DKA (OR 0.2, 95% CI 0.1-0.4, p < 0.0001). As a cause of the previous episodes, missing of insulin dosing and DKA with no specific reason were associated with a significantly higher frequency of DKA; missing of insulin dosing had an increased DKA risk (OR 4.6, 95% CI 2.2-9.8, p < 0.0001). Patients with uncontrolled HbA 1c had a significantly higher DKA frequency (for the cohort with uncontrolled HbA 1c , OR 2.3, 95% CI 1.9-2.8, p < 0.0001). Patients who had glucometers and used to check their home glucose 7 or more times per week appeared to have a significantly lower DKA frequency, having the glucometer associated with a lower DKA risk (OR 0.29, 95% CI 0.14-0.6, p < 0.001), but on the other hand home glucose checking less than 7 times per week increased the DKA risk (OR 3.9, 95% CI 1.8-8.4, p = 0.0002), while checking HbA 1c frequently and the presence of comorbid diseases had no significant effect on DKA frequency.
Personal and social factors also had a significant effect on DKA frequency, as shown in Table 3 , and the risk of ≥1 DKA/year, shown in Figure 1 . Patients of 18 years or older and overweight had significantly lower DKA frequencies, younger and underweight patients were at a higher ≥1 DKA/year risk (OR 5.2, 95% CI 2.5-10.7, p < 0.0001), with OR 2.1, 95% CI 1.7-2.5, and p = 0.012 for younger and underweight patients, respectively. Gender, marital status, and smoking status did not have an effect.
Being employed appeared to have a protective effect against DKA as compared to students and patients with no job, as all patients without a job had a higher ≥1 DKA/year risk (OR 3.3, 95% CI 1.5-7.2, p = 0.001). Patient, mother, and father education levels had a significant effect on DKA frequency, completion of primary education (≥6 years) in the patients or parents was associated with a lower frequency of DKA, the lowest especially with patient and mother education and less low with father education. The risks in patients with < 6 years of education or with a mother with a similarly low educational level for having ≥1 DKA/year were OR 3.5 technique, helpers who had been educated at and received their insulin from a tertiary center, and adherence to diet caused significantly lower DKA episode frequencies and lower risks for ≥1 DKA/year (OR 0.4, 95% CI 0.3-0.5, p < 0.0001; OR 0.06, 95% CI 0.03-0.1, p < 0.0001; OR 0.3, 95% CI 0.1-0.7, p = 0.005, and OR 0.14, 95% CI 0.07-0.3, p < 0.0001, respectively). On the other hand, stopping of insulin had an increased DKA episode frequency, with a higher risk for ≥1 DKA/year (OR 3.6, 95% CI 1.8-7.2, p = 0.0001) regardless of the reason for insulin stoppage which was not significant. Finally, patients with a family history of diabetes had a slightly lower DKA episode frequency but with no significant risk for ≥1 DKA/year.
OR ( 95% CI), P value

Discussion
In this study, we explored the critical factors associated with DKA in our area.
There was a significant correlation between age and risk of developing DKA where those with age < 18 years were at a higher risk, which goes in accordance with previous studies [3, 16] . Teenage at diabetes onset was related to an elevated incidence of DKA; less parental monitoring for adolescents may lead to a deterioration of metabolic control in this group, and they are more likely to escape parental control; thus, detection or reporting hyperglycemia symptoms may be delayed. On the other hand, endocrine changes associated with puberty lead to greater insulin resistance [17] .
Patients with underweight carry a high risk of developing DKA in this study. A higher BMI is associated with more residual β-cell function and a decrease in the incidence of DKA at the onset of development of T1DM [18] . That was consistent with two previous studies reporting on the association between BMI and a diagnosis of DKA, which showed a higher frequency of DKA in those with a lower BMI [15, 19] .
The study did not show a significant difference between males and females in contrast to other studies which concluded that there was a predominance of females with DKA [16, 20] .
It was found that the initiation of a suitable and effective insulin regimen was associated with a reduced DKA rate [21, 22] , as found in this study where the lowest DKA was seen among those patients using a basal-bolus insulin regimen. This may be explained by the fact that basal insulin is important to provide cells with a continuous glucose supply to burn for energy and prevent lipolysis [23] . And that also explained that an intentionally or unintentionally missed insulin dose was the most common cause of previous DKA episodes in this study, which was identical to the results of a study done by Randall et al. [12] . Insulin discontinuation has long been recognized as an important precipitating cause of DKA in retrospective studies [24] .
The major finding of our study was that almost all admissions for DKA were associated with markedly elevated HbA 1c levels at presentation. The findings of very high HbA 1c levels in this study suggest that, in our setting, DKA occurs in the background of poor control, and that is similar to results from other studies [25, 26] .
Studies have shown a direct correlation between SMBG and improved HbA 1c levels and a reduced DKA rate [27] [28] [29] . This is identical to what is found in this study with a reduction in the number of DKA among those who frequently used SMBG compared to those who used SMBG infrequently or not at all.
In our study the DKA risk was higher among the nonemployed in comparison to patients with stable employment, that association found to be nonsignificant in a previous study [12] ; the explanation behind that may be related to the high education level of those with stable employment where all of them had undergone education of > 6 years. Furthermore, the regular daily activities of employed patients might have resulted in the lower DKA risk in those patients.
The low educational level of patients and their parents was significantly associated with the development of DKA in our study. Other studies reported an influence of parental education: having a mother with higher than secondary education was protective against developing DKA in Lithuania [30] . A second study set in Germany showed that children from families in which parents had less than 9 years of education had a significantly increased risk of severe DKA [31] .
The study showed that living in rural or urban areas had no significant effect on rates of DKA. In Finland, there was no difference in the frequency of DKA between families living in a city, town, or suburb compared with those living in a village or rural areas [32] .
The study showed a significant correlation between travel and an increased risk of DKA, and this can be explained by the difficulty in controlling blood sugar and insulin while traveling together with changes in activity levels and diet while traveling, especially across multiple time zones [33] .
We did not find a significant correlation between smoking and the risk of DKA, in contrast to the previous study which showed that large percentages of subjects with insulin noncompliance were smokers and that led to an increased risk of DKA [34] . Patient education and supply of insulin from a tertiary center appeared to have a protective effect against DKA in this study. The presence of an identifiable primary care provider lowered the risk of DKA and was confirmed by a previous study carried out by the Department of Emergency Medicine, Maricopa Medical Center, Phoenix, AZ, USA [35] . A part of patient education is the correct insulin administration which has been found to reduce the DKA risk in this study and in another [36] . Injecting too deeply could deliver insulin to the muscle, where it may be absorbed too quickly. Injecting too shallowly deposits insulin in the skin, which is painful and reduces complete absorption [33] . Nonadherence to dietary instruction has also been associated with a higher DKA risk in this study, which was similar to what was found by another study [34] .
In a study from Kuwait [37] , it was reported that there was an effect of a family history of diabetes on presentation with DKA, which may be explained by the increased awareness of the family about diabetes and the administration of insulin therapy. However, in this study, family history of diabetes did not show a significant effect on DKA risk, a finding comparable to a German study which failed to find a significant association with a family history of either T1DM or T2DM in siblings, parents, or grandparents [31] .
Family income had no significant effect on the risk of presenting with DKA in our study; for us, that could be explained by insulin being available at governmental hospitals or primary hospital care with low supported cost. This result was supported by two European studies [32, 38] . In contrast, a Canadian study, which was adjusted for gender and age, showed that those from a family in the two lowest quintiles of income were associated with an increased risk of DKA [39] .
Conclusions
The results of this study provided evidence that multiple socioeconomic factors interact to play a vital role in the development of DKA among patients with T1DM in Basrah.
Younger age, underweight, being without a job, low personal and/or mother educational level, travel, home glucose monitoring less than 7 times a week, uncontrolled HbA 1c , and insulin stoppage as a cause of DKA regardless of the reasons to stop were associated with an increased risk of DKA. On the other hand, own home, availability of a glucometer for checking glucose, basal-bolus insulin regimen, insulin supply, and education at a tertiary center, correct injection technique whoever injected the insulin, and dietary adherence were associated with a decreased risk of DKA.
